(19) 



J 




(12) 



lisches Patentamt 
European Patent Office 
Office europ6en des brevets (1 1 ) EP 0 987 833 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

22.03.2000 Bulletin 2000/12 

(21) Application number: 99118245.2 

(22) Date of filing: 14.09.1999 



(51) lnt.Cl7: H04B 7/005 



(84) Designated Contracting States: 


(72) Inventor: Mimura, Yukle 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


MInato-ku, Tokyo (JP) 


MC NL PT SE 




Designated Extension States: 


(74) Representative: 


AL LT LV MK RO SI 


Baronetzky, Klaus, DIpl.-lng. 




PatentanwSlte 


(30) Priority: 18.09.1998 JP 26467098 


Dipl.-lng. R. Splanemann, Dr. B. ReKzner, Dipi.- 




Ing. K. Baronetzky 


(71) Applicant: NEC CORPORATION 


Tal 13 


Tokyo (JP) 


80331 MQnchen (DE) 



(54) Transmission power control system and method in code division multiple access system 



(57) A transmission power control system in code 
division multiple access (CDMA) system, which makes 
possible to control an aimed SIR, which is compared 
with a measured SIR for the transmission power control, 
in order to maintain all channels to be an optimum com- 
munication quality even when there is a difference in 
communication quality in each channel in a multi-code 
transmission, is realized. The transmission power con- 
trol system comprises at least one base station and a 
base station control apparatus. The base station meas- 
ures the signal to interference ratio (SIR) of a received 
signal corresponding to each of a plurality of channels 



established between the base station and a mobile sta- 
tion, and determines a bit pattern for transmission 
power control for each of groups specified to the plural- 
ity of channels on the basis of the aimed SIR and the 
measured SIR. The base station control apparatus 
determines the aimed SIR on the basis of data giving 
groups specified to the plurality of channels and the 
communication quality con-espondlng to each of the 
channels, and instructs the aimed SIR to the base sta- 
tion. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Technical field of the invention 

[0001] The present Invention relates to a transmission 
power control system and a transmission power control 
method in code division multiple access system. 

2. Description of the Related Art 

[0002] In the technical field of mobile communication, 
the code division multiple access (CDMA) system 
attracte attention as a technique for effectively utilizing a 
frequency band. A base station of the CDMA system 
needs a very large processing gain for receiving a 
desired radio signal transmitted firom a mobile station 
locating at a far from the base station, and for eliminat- 
ing an undesired radio signal, which interferes with 
receiving the desired radio s^nal, transmitted from a 
mobile station locating at a near from the base station. 
[0003] For solving this problem on distance, there is a 
transmission power control (TPC) method. In this 
method, transmission power of each mobile station is 
controlled so that a base station receives the same level 
of power from any mobile station which is locating any- 
where in a service area. 

[0004] As a technique In relation to this transmission 
power control in mobile communication, Japanese Pat- 
ent Application Laid-open No. 125604/1996 discloses a 
transmission power control method in which it is judged 
whether a signal to interference ratio (SIR: the ratio of 
the received power of a desired signal to the received 
power of an Interference signal) calculated in a base 
station is larger than a predetermined SIR or not, trans- 
mission power control bits as a result of the judgement 
is spread in spectrum into a signal of a transmission 
power control channel, and the signal of the transmis- 
sion power control channel is transmitted in parallel with 
a signal of a communication channel. In addition. Japa- 
nese Patent Application Laid-open No. 327073/1997 
discloses a method of arranging and transmitting pilot 
channels for effectively allocating a pilot channel to for- 
ward radio channels, which are time division multi- 
plexed, and further for reducing the power of a pilot 
channel interfering to another cell. 
[0005] In parallel with the above disclosed techniques, 
a technique of a transmission power control method is 
disclosed In "1997 General Meeting Convention Record 
of the Institute of Elecfronics, Information and Commu- 
nication Engineers, Communication 1. B-5-81" (herein- 
after called prior art). 

[0006] A high-speed closed loop control system dis- 
closed in the prior art is shown in Fig. 12. A transmis- 
sion power control method according to this system 
concerns a fonward link but a similar control method is 
also applied to a reverse link. 



[0007] Fig. 12 shows a state that a mobile station 901 
establishes communication channels by six connections 
(muiticonnection) at the same time between the mobile 
station 901 and a base station 902 to perform a multl- 
5 code transmission. Such a multi-code transmission is 
applied in case of performing a simultaneous transmis- 
sfon of a voice and data, a high-speed data transmis- 
sfon with parallel connections, or the like. An individual 
spread code is assigned to each of the connections. 
10 [0008] This system comprises the mobile station 901 . 
base station 902 and base station control apparatus 
903. Communication channels corresponding to the 
multi-connection between the mobile statfon 901 and 
base station 902 are established between the base sta- 
ts tion 902 and a base station control apparatus 903. The 
base station 902 comprises an amplification part 904 
and modem cards MCs (MCI to MC6 are shown in Fig. 
12) con^ponding to the respective connections (the 
number of connections is six in Rg. 12). The base sta- 
20 tion control apparatus 903 comprises diversity hand- 
over trunks {DHT1 to DHT6 are shown in Fig. 12) corre- 
sponding to tiie connections, a quality measurement 
part 907 and an aimed-SIR determination part 908. 
[0009] The modem cards (MCI to MC6) of the base 
25 Station 902 have functions of performing transmission 
and reception of radio signals between the base station 
902 and ttie mobile station 901 corresponding to the 
respective connections, and each comprises a recep- 
tion part and a transmission part of the signals accord- 
30 ing to CDMA system of the prior art. 

[0010] In this reception part of each modem card, the 
signal to interference ratio (SIR) is measured in 
received signals (measured SIR), and it is compared 
with an aimed SIR which has been predetermined sep- 
35 arately With the result of the comparison, a TPC (trans- 
mission power control) bit pattem for controlling the 
transmission power is determined whteh pattern is to be 
transmitted to the mobile station 901 In addition to a for- 
ward link signal transmitted from the con-esponding 
40 transmission part. For example, when the measured 
SIR is smaller than the aimed SIR. a request for , 
increasing the reverse transmission power is given to 
the mobile station 901 witii the TPC bits. Conversely, 
when the measured SIR is larger than the aimed SIR, a 
45 request for decreasing the reverse transmission power 
is given to ttie mobile station 901 with ttie TPC bits. 
[001 1] The minimum value of the SIR, which is neces- 
sary to meet a predetermined communication quality, is 
used as the aimed SIR in the high-speed closed loop 
$0 control. The communication quality is determined on 
tiie basis of the frame en-or rate (FER) in contents of 
data of received reverse signals. For some reasons 
such as a fluctuation of propagation characteristics of 
radio signals, there is a case that the predetermined 
55 communication quality Is not attained even when the 
measured SIR obtained from a measurement level of 
received signals meets the aimed SIR. In contrast with 
this, when the measured SIR does not reach the aimed 
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tionqualrty is Obtained. ...-jjon of a situation 

100121 Forthis«^..nco"s.^^^^^ 
Lt the mobile ^'f'^^y^^^^stid^^a^^^^ 
^ another base ^^-^J^^;"' ^^ipparatus 903 car- 
or the lite, the base ^TT^'^^^ signals with 
ries out site diversity ^^^^^^ respective co.v 
tt,e other base station co^P^9»^^(DHT1 to 
nections by the ^-^^-^y J^^^^J ^apparatus 903 

0HT6). Further-the^e^^XirXsynth^^^ 
telcesinthereceivedsignateaTOr ^ ^ 

to the quality "^^^f '^J^nSTThJaimed SIR deter- 
„,unication quality is "^^oredetennine the aimed 
mination part 908 '^^^^'^^ol the measured 
S,R at regular mtervate on *e b^ glR is 

communication <^;^^'^^„ '^^^^ deteriorates 
increased when the ^^^jT^^^e. and the aimed 
to be less than Y^^^jX^iUtion quality is 
SIR is decreased when *e gothat tt tecontrol- 
superiortothe P^^^I^^^^'S^^unication quality. 

led to obtain ««f jf^^^'^ISTn control apparatus 
100131 BesKles .n the tase s ^ 
U. the control of the a^SIR«P 

sideration of all ~^tS between the 

mobile station 901 ^^«"^*iSions established 
channels corresponding to the con^e 

«hen the respective connexions ^ «^ 
t,„ are established and ';^33ing unH (not 

them is under °l?|l"^iated for all of those 

multi-connection is ^ the assumption 

^ station .^'PP^^'^Sls^rcr^^ con- 
that the communicaUonquaMie^.n ^ 

stituting the "'"^"S," ^ to a forward transmis- 
shown in Fig. 13. Jt^*" J^^^c btts are shown in 
sion signal and TPC •'f^J'^^^Js of a measurement 
Fig. 13) are determined on «he baee o ^ ^ 

'^ultisiRbythemodemca^C^^^^^^^^^^^ 

-rrrmSSr.byma..^^^^^ 
Lmontoallconne^ons rt be~m^^^^ 

largetransmissionpowero me^rtot^^^^^ ^ 

necUon as '"J^^^ln^nsmto^^^ power con- 
each connecuon ^"""^^Xation with the pilot bits 
trol or accuracy in channel transmission 

^ mb» station »" « ai™<l SIR In 

the following problems. 



100171 Becauseacommon^luea^*^^^^^^ 
for the modem ca««s Bused fo^il""" 
a difference in the commurHca^^^««^ 
signals of the connert.or« n«^^^ .eterminalDn 
, measurement part 907 *e a^ ^^^S„^ 
part 908 becomes tard to determ ^^^^ 

order that all conne^ons are of ap^ 
munication ^^^^^'^'.^^J^'^^ of the woist 
.noeased on the bas« "^^^ wnnections h*e 
,0 communication quality, the om^ 

" excessive reverse tmnsm^-onP^;^^3,3. .noon- 
ence P<«^^ »° "^^^r^^^ is d^easedonlhe 
trast with this, when the ^-^f^^^^unication quaV- 
basis of the connecton of tt« ^ 
„ ity. the other connedio^^^^^^ 

mined communicatonquali^ru ^ ^ „» 

arises even when the ^••"^.ta^of allconnec 
basis of the mean communicalion quainy 

tions. 



SUMMARY OF THE INVENTION 



100181 .t--^i«-t'sr^^rraX 

Iwe a ^^^"^^^Z^T^o division mulBpte 

access system capable ox w optimum corn- 

order to maintain all channel to be an op ^^^^ 
munication quality e^n v^en *«e «^ ^ ^ 

communication qi^irty '"/^;Jj^e transmission. 
^ oiobile station perfomj a 

rS^lSr^i^^^^arrase station .n.l 

35 apparatus. ^ measures the signal to inter- 
100201 Theba^^^^Jedsignalcorrespondingto 
lerence ratio (SIR) o ^ /eceweo sg 

each of a pluralrty of ^^^'^^Z^^^ « 
base station and a mobile stehon.a^d^ 

- pattern fbr^----^^^^^^ . 

„, a„ aimed SIR ana t» m»»«J^'^ SIR „„ ft, 
oorcont™. apparatus Mw™.*™™"! 

Lis ol ths «»™»^^" «»!"«™' » 

;ss;«tCsu«.«^=pp^^^^ 

" r^Toasasta^-^i'?^^ 
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of each of the channels, and outputs the bit pattern 
aJSn «mmand giving a channel ^^^^^^^ 
bit pattern, and the aimed SIR determmed on U^a bas« 
of group specification data, whwh have Ijee" ^f^^^ 
min^ £r the communication quanty corresponding to 

of *e channels, giving the specified groups^ 
100231 The base Station further comprises a modem 
^^'^artS calculating the measured SIR conespon^ 
^o each of the channels, and determining the bi^ pat- 
tern on me basis of the measured SIR and the jmed 
Sir !, riponse to the bit pattern addition commaml. 
Teldr^rdpartfurthercomphsesapattemdeter- 

mination part and a frame generation part 

pattern determination part deternim^ *e 
2t oattern on the basis of the measured SIR and the 
iTs^R^n response to thebH^nerna^^^^^ 

SieC-i. and ^ ^-^-^ 
X^etrta^^ts^er 
Sses a diversity hand.,ver trunk part a .v^al^ 
"eTrlment part, a group setUng part and an a«ned 

Kg to each of the channels carries the d^rsj^ syn- 
thesis process corresponding to each of the channels. 
an^Xte diversity synthesis data; the qualrty meas- 
urement part measures and outpute commun.cate)n 
puaTdata giving the communication qualrty 
SS^ding to each of the channels in response to ^ 
dS^ity synthesis data: the group setting part detw- 
S and outputs the group specification data and the 
S p^J^n aXn command in response to the aimed 
4 and the communication quality date: and «.e a med 
SIR detemilnation part detem,ines tj« a'med SW^^ 
response to the communication qualrty data and the 

SrCrpSngpartfurthercompris^grouP 
Snaton means for combining two groups arbrtranly 
«Scted from among the specHied groups v^en the 
SSSe 3e of the dfflerence between the aim^ 
of the two groups Is less than a Pre-etermined ^ 
tfireshoW value; and group division means for calajat- 
Ta mean value from values of the com-— 
Quality data in the specified groups, and dwid ng the 
Sanlls giving the communication qualrty date fi^m 
Se cSnnJte into a newly set group when the absolute 
^ut^f the dmerence between thej^ues of tt,e con. 
munication qualrty date in the speo^d grou^ a^*e 
mean value is more than a predetemimed second 

SSran^heraspectthegroupsettingpart^f^^^^ 
Smo ises group combination means for combining t«o 
Ss arb^^'^ selected among the speofie^ 
groups when the absolute value of *e d^renoe 
?3en the aimed SIRs of the two groups is less than 
al^et^ined first threshold value: and group divi- 



sion means for calculating a mean value from the maxi- 
mum value and minimum value of the 
qualrty date in the specified groups, and dw^dmg the 
Lnlls giving the communication J-al^^^^J^^ 
than the mean value from the channels into a newly sex 
SJIp In the difference between the n— 
Si the minimum value is more than a predetemtmed 
third threshold value. 

100291 As for a transmission power control mettiod in 
ShnSn^lUple access system, the method com- 



25 



30 
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(A) measuring a signal to interference ratio (SIR) of 
a received signal, at a base station, corresponding 
to^rof a plurality of channete estebteh^ 
between at least one base stetion and a mobile ste- 

jB)"generating. at a base stetion conttol apparatus 
a bft pattern addition command giving a channe 
number to add a bit pattern for t^nsmf ion »^ 
control to each of the specHied groups to the chaiv- 
~erand an aimed SIR being set every grouP 
Zsia on group specfficatton date showing the 
specified groups; and u»™Hom 
(?) detemiinlng. at the base stetion fte brt pattern 
on the basis of the aimed SIR and ^^^^ 
SIR In response to the bit pattern addrtion com 

mand. 

100301 The step (B) above comprises: carrying out a 
Krty synthesis process, and outputting dj^^^ 
Zt^te date; generating communication Qualrty date 
Sng the communication qualrties corresponding to *e 
Saniels In response to the dK,e^^ Z^l^H- 
outputting the group specification date and fte brt pa^ 
tern addrtion command In response to the aimed SIR 
a he Smmunication qualrty date; and detemjijg 
the aimed SIR corresponding to the «P«<>*«J 
response to the communication qualrty date and the 

SSrTteC oftutputting the group specification 
K ind *e bit pattern addition command above com- 

prising: 

combining two groups arbitrarjy sel^rted 
among ttie specified groups «f ^^^"J 
value of ttie difference between the aimed SIRs 
the two groups is less than a predetemiined first 
threshold value; and 

calculating a mean value from values of the com- 
munication quality date in the specified groups and 
dividing the channels giving the co«t.on 
Qualrty date from the channels into a nff«ly set 
'gCwhen ttie absolute value of the drffereno^ 
between the values of the communication qualrty 
date in ttie specified groups and the -nean ^"e « 
more ttian a predetemiined second ttireshoW 

value. 
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[0032] In another aspect, the step of outputting the 
group specification data and the bit pattern addrtion 
comniand alx>ve comprising: 

combining two groups arbitrarily selecled from s 
among the specified groups when the absolute 
value of the difference between the aimed SIRs of 
the two groups is less than a predetermined first 
threshold value; and 

calculating a mean value from the maximum value io 
and minimum value of the communication quality 
data in the specified groups, and dividing the chan- 
nels giving the communication quality data higher 
than the mean value from the channels into a newly 
set group when the difference between the rnaxn is 
mum value and the minimum value is more than a 
predetermined third threshold value. 

[00331 The step (C) above comprises: determining the 
bit pattern on the basis of the measured SIR and the 20 
aimed SIR in response to the bit pattern addition com- 
mand; and adding the determined bit pattern, pilot bits 
for frame synchronism establishment process, and the 
channel number in response to the determined bit pat- 
tern and the channel number. ^ 

BRIEF DESCRIPTION OF THE DRAWINGS 



[0034] 



30 



Fig. 1 is a block diagram illustrating a transmission 
power control system in CDMA system according to 
the first embodiment of the present invention. 
Fig. 2 is a block diagram illusfrating the internal con- 
struction of a modem card according to the first 3S 
embodiment of the present invention. 
Fig 3 is a block diagram for explaining the transmis- 
sion power control system In CDMA system accord- 
ing to the first embodiment of the present invention. 
Fig. 4 is a block diagram illusfrating connections in 40 
a diversity hand-over trunk part according to the 
first embodiment of the present invention. 
Fig. 5 is a flowchart for explaining a part of opera- 
tions of the fransmissfon power confrol system in 
CDMA system according to the first embodiment of 45 
the present invention. 

Fig. 6 is a flowchart for explaining a part of opera- 
tions of the fransmission power confrol system in 
CDMA system according to the first embodiment of 
the present invention. ^ 
Fig. 7 shows a frame format of the transmission sig- 
nal for explaining frame generation of a fransmis- 
sion signal to add TPC bits. 
Fig. 8 shows an example of the setting preparation 
table included in the group setting part. ss 
Fig. 9 is a chart for explaining frame generation of a 
transmission signal corresponding to each of a plu- 
rality of channels. 



Fig. 10 is a fiowchart for explaining a part of opera- 
tions of a fransmission power confrol system in 
CDMA system according to the second embodi- 
ment of the present invention. 
Fig. 1 1 is a flowchart for explaining a part of opera- 
tions of the fransmission power confrol system in 
CDMA system according fr) the second embodi- 
ment of the present invention. 
Fig. 12 Is a block diagram illusfrating a conventional 
transmission power control system. 
Fig. 13 is a chart for explaining frame generation of 
a fransmissfon signal corresponding to each of a 
plurality of channels in the conventfonal fransmis- 
sion power control system. 
Fig. 14 is a chart for explaining frame generation of 
a fransmissfon signal corresponding to each of a 
plurality of channels in the conventional fransmis- 
sfon power control system. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0035] Next, ttie preferred embodiments of transmis- 
ston power control system and transmission power con- 
trol metiiod in code divisfon multiple access system 
according to the present invention will be described in 
detail witti reference to frie accompanying drawings. 
[0036] Fig. 1 shows a transmission power confrol sys- 
tem In code division multiple access (hereinafter called 
CDMA) system according to ttie first embodiment of the 
present invention. This system comprises a mobile sta- 
tion 101. a base station 102 and a base station confrol 
apparatus 103. 

[0037] Refen-ing to Fig. 1 , a communication connec- 
tion by a plurality of channels 1 15 (tiie number of chan- 
nels is six in Fig. 1) between tiie mobile station 101 and 
at least one base station (only the base station 102 Is 
shown in Fig. 1) is established. The channels 115 are 
given the corresponding channel numbers (not shown m 
Fig. 1). respectively The mobile station 101 assigns an, 
individual spread code to each of ttie channels 1 1 5. per- 
forms a code spread modulation to a signal to be frans- 
mitted. and then fransmits the modulated signal to ttie 
base station 102 (hereinafter calted multi-code frans- 
mission). 

[0038] The base station 102 comprises an amplifica- 
tion part 104 and a modem card part (modem/pattern 
determination means) 105. The amplification part 104 
amplifies a received signal (not shown in Fig. 1) from 
the mobile station 101 corresponding to each of the 
channels 115 to output an amplification signal (an 
amplificatton signal group 116 is shown in Fig. 1). The 
modem card part 105 comprises modem cards 
(modem/pattern determination means: mcl to mc6 are 
shown In Fig. 1) corresponding to the respective chan- 
nels 115. and performs a code spread demodulation of 
the amplification signal from the amplification part 104 
witti ttie individual spread code assigned to tiie corre- 
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spending channel to output a demodulated amplification 
signal (a demodulated amplification signal group 117 is 
shown in Fig. 1). 

[0039] The modem card part 105 measures the signal 
to interference ratto (SIR) corresponding to each of the s 
channels 115 from the demodulated amplification signal 
(measured SIR: not shown in Fig. 1). 
[0040] Furthermore, the modem card part 105 deter- 
mines a bit pattern for transmission power control corre- 
sponding to each In a group (channel group) specified in io 
a manner described later to the channels 115, on the 
basis of the measured SIR and an aimed SIR (an aimed 
SIR group 119 is shown In Fig. 1) from an aimed SIR 
determination part 111. in response to a bit pattern 
addition command (a bit pattern addition command is 
group 1 18 Is shown in Fig. 1) from a group setting part 
108 described later. 

[0041] Fig. 2 is a block diagram showing the internal 
construction of each modem card of the modem card 
part 105. This drawing shows the modem card mcl but 20 
the other modem cards have the same construction. 
Refening to Fig. 2. the modem card mcl comprises a 
transmission part 133 and a reception part 131 . 
[0042] The reception part 1 31 comprises a demodula- 
tion part 135 and a reverse channel SIR measurement 2S 
part 137. The demodulation part 135 pertbrms a code 
spread demodulation of an amplification signal from the 
amplification part 104 with the spread code assigned to 
the channel conresponding to the modem card mcl to 
output a demodulated amplification signal. The reverse 30 
channel SIR measurement part 137 calculates a meas- 
ured SIR 139 in the channel con-esponding to the 
modem card mcl from the demodulated amplification 
signal. The measured SIR 139 is used when a TPC 
(transmission power control) bit pattern is determined in 3S 
a high-speed closed loop power control in a reverse 
channel. 

[0043] The transmission part 1 33 comprises a modu- 
lation part 141, a pattern determination part 143 and a 
frame generation part 145. The pattern determination 40 
part 143 determines a bit pattern for transmission power 
control on the basis of the measured SIR 139 and an 
aimed SIR from the aimed SIR determination part 111 
in response to a bit pattern addition command ftx)m the 
group setting part 108. In response to the bit pattern 45 
determined in the pattern determination part 143 and a 
channel number given by the bit pattern addition com- 
mand, the frame generation part 145 adds the deter- 
mined bit pattern, pilot bite for a frame synchronism 
establishment process, and the channel number to data so 
bits to be transmitted. 

[0044] Referring to Figs. 1 and 2. the base station 102 
calculates a measured SIR in response to a received 
signal corresponding to each of the channels from the 
mobile station 101. Besides, the base station 1 02 deter- 55 
mines a bit pattern for transmission power control corre- 
sponding to each in a group specified to the channels, 
on the basis of the aimed SIR and measured SIR in 



response to a bit pattern addition command from the 
base station control apparatus 103. 
[0045] Refening nextto Fig. 1, the base station control 
apparatus 103 comprises a diversity hand-over trunk 
part 106. a quality measurement part 107. a group set- 
ting part 108. and an aimed SIR determination part 111. 
[0046] The diversity hand-over trunk part 1 08 includes 
diversity hand-over trunks (diversity synthesis means: 
dhtl to dhte are shown in Fig. 1) corresponding to the 
respective channels 115. In response to the respective 
ampfificatbn signals demodulated in the base station 
102. the diversity hand-over trunk part 106 carries out 
diversity synthesis processes coaesponding to the 
channels 1 15 to output diversity synthesis date (a diver- 
sity synthesis date group 120 is shown in Fig. 1). 
[0047] The diveraity synthesis in this case means a 
site-diversity in which signals received by a plurality of 
base stations are diversity-synthesized when communi- 
cation paths between the mobile station 101 and a plu- 
rality of base statksns are established in a sofl-hand-off 
process that is a characteristic feature of CDMA sys- 
tem. It is canied out with respect to each of the chan- 
nels 115. 

[0048] In response to the diversity synthesis data, the 
quality measurement part 107 outputs communication 
quality data (a communicatron quality data group 121 is 
shown in Fig. 1) to gWe communication qualities corre- 
sponding to the respective channels 115. 
[0049] The group determination part 108 includes 
group combination means 109 and group division 
means 1 10. It outpute group specification data and a bit 
pattern addition command in response to an aimed SIR 
from the aimed SIR determination part 1 1 1 and commu- 
nication quality data from the quality measurement part 
107. The group specification data gives a specified 
group to the channels 1 1 5 on the basis of the aimed SIR 
from the aimed SIR determinatton part 111 and the 
communication quality date from the quality measure- 
ment part 107. The bit pattern addition command gives 
a channel number to add a bit pattern for transmission . ^ 
power control in the channels 115. ^ 
[0050] The aimed SIR determination part 1 1 1 deter- 
mines an aimed SIR con-esponding to the specified 
group in response to the communication quality date 
from the quality measurement part 107 and the group 
specification data from the group setting part 108, 
[0051] That 6, the base station control apparatus 103 
carries out a diversity synthesis process con'esponding 
to each of the channels 1 15 to output a bit pattern addi- 
tion command and an aimed SIR that is determined with 
respect to each group on the basis of the group specifi- 
cation data. In this embodiment, the aimed SIR that the 
group setting part 108 obtains from the aimed SIR 
determination part 1 11 is given directly ftDm the aimed 
SIR determination part 111 or indirectly from the 
modem card part 105 or the tike. 
[0052] Fig. 1 shows a case that the mobile statton 1 01 
performs the multi-code transmission only to the base 
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Station 102. Fig. 3 shows a case that the mobile station 

101 performs hand-over operations between the mobile 
station 101 and three base stations (102-1 to 102-3). 
The construction of each of the three base stations 
(102-1 to 102-3) is the same as that of the base station 

102 shown in Fig. 1. 

[0053] Refening to Fig. 3, a communication connec- 
tion by a plurafity of channels 115 (the number of them 
is six) between the mobile station 101 and three base 
stations 102-1 to 102-3 is established. The diversity 
hand-over trunk part 106 in the base station control 
apparatus 103 operates to output with respect to each 
of the base stations 102-1 to 102-3. It canies out diver- 
sity synthesis processes in response to demodulated 
amplification signals (a demodulated amplification sig- 
nal group 1 17 is shown in Fig. 3). 
[0054] Fig. 4 shows a detail of connections in the 
diversity hand-over trunk part 106 of Fig. 3. The diver- 
sity hand-over trunks dhtl to dht6 respond to demodu- 
lated amplificatton signals (demodulated amplificatton 
signal groups 1 17 are shown in Fig. 4) firom each of the 
base statrons 102-1 to 102-3. The demodulated amplifi- 
cation signals are denoted by the corresponding chan- 
nel numbers, respectively. For example, the diversity 
hand-over trunk dhtl corresponds to "channel 1" In the 
channels 115 (the number of them is six). The diversity 
hand-over trunk dhtl carries out a diversity synthesis 
process in response to the demodulated amplification 
signal con-esponding to the "channel 1" from each of the 
base stations 102-1 to 102-3. 
[0055] Next, operatk)ns of the transmission power 
control system in CDMA system according to the 
present invention will be described with reference to 
Figs. 1 , 2 and 5. The same operations are done also in 
case that the mobile station 101 performs hand-over 
operations between it and a plurality of base stations 
(Fig. 3). 

[0056] Refen-ing to Fig. 1. the mobile station 101 per- 
forms a multi-code transmission between it and the 
base station 102. In the base station 102, the amplifica- 
tion part 102 amplifies received signals con-esponding 
to the channels 1 1 5 (the number of them is six) to output 
amplification signals to the channels 115, respectively. 
The modem card part 105 performs code spread 
demodulation of the amplification signals with spread 
codes assigned to the respective channels 1 15. to out- 
put demodulated amplification signals. Further, the 
modem card part 105 calculates measured SIRs from 
the demodulated amplification signals. 
[0057] Next, in the base station control apparatus 1 03. 
the diversity hand-over trunk part 106 canies out diver- 
sity synthesis processes corresponding to the respec- 
tive channels 115 in response to the demodulated 
amplification signals, to output diversity synthesis data. 
In response to the diversity synthesis data, the quality 
measurement part 107 outputs communication quality 
data to give communication qualities (BER (bit enov 
rate) or FER (frame enror rate)) corresponding to the 



channels 115. FER is applied in this embodiment The 
group setting part 108 outputs group specificatk>n data 
that the channels in the multi-code transmission are 
classified into some groups, and a bit pattern addttton 

5 command for designating the channel to whfch a bit pat- 
tem should be added, in response to an aimed SIR and 
the communtoation quality data by the group combina- 
tion process means 109 and group division means 110. 
[0058] An outline of the process in the group setting 

10 part 108 will be described. On the basis of the commu- 
nication quality data conBsponding to the respective 
channels 115 obtained in the quality measurement part 
107. the group setting part 108 specifies channels in 
which relatively the same communication quality is 

IS measured, as one group. In case that the communica- 
tion qualities of the channel vary wklely. a plurality of 
groups is therefore specified. The channel construction 
of each of the specified groups is transmitted to the 
aimed SIR determination part 111 to determine an 

20 aimed SIR tor each group. The aimed SIRs determined 
in the aimed SIR determination part 1 1 1 are given to the 
modem cards of the base station 102 corresponding to 
the respective channels 115. 

[0059] The group setting part 1 08 designates a repre- 
ss sentative channel (the first connection) from among at 
least one channel constituting each group, and sends 
out a bit pattern addition command including designa- 
tion data for the channel to each modem card of the 
base station in order to perform a transmission power 
30 control to the channel by comparing the measured SIR 
and aimed SIR. 

[0060] By carrying out the above process at regular 

intervals, a transmission power control always coping 
with the variation of the communication quality corre- 

35 spending to each of the channels 1 1 5 is performed. The 
above-described specified group therefore varies its 
channel construction, and the number of groups also 
varies according to conditions. Hereinafter, the process 
of the group setting part 108 will be described in detail 

40 with reference to Fig, 5 and the drawings following it. 
[0061] Figs. 5 and 6 show flowcharts of processes in 
the group setting part 108. Since the aimed SIR is 
renewed at regular intervals in each specified group, the 
group setting part 108 cames out setting groups on the 

45 basis of the specified groups and the number Nmax of 
specified groups. That is. the group setting part 108 
stores the aimed SIRs with respect to the specified 
groups on the basis of each group number. Next, the 
group setting part 108 prepares a group setting table 

50 shown in Fig. 8 in response to the communication qual- 
ity data corresponding to each of the channels 115 from 
the quality measurement part 107. 
[0062] Refen-ing to Fig. 5, at first, it is examined 
whether the number Nmax of specified groups is plural 

55 or not (step S201). In the step S201, In case that the 
channels 115 are constituted by a plurality of groups, a 
group combination process (steps S202 to S208) Is car- 
ried out, and then a group division process (steps S209 
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to S218) is carried out In case that the channels are 
constituted by a single group, the group division process 
is canied out. 

[0083] The group combination process is a process 
that is performed when the condition of the previous 
process has changed so that groups can be combined 
into a less number of groups. The group division proc- 
ess is a process that is performed when groups are 
divided more minutely in accordance with a change 
after the condition of the previous process. 
[0064] In the group combination process, at first, a 
group as a base (the group number i = 1) is set (step 
S202). and the aimed SIR of the group 1 is compared 
with the aimed SIRs of the other groups than the group 
1 to judge whether or not there is a group that the differ- 
ence in the absolute value of the aimed SIR is not more 
than a predetermined threshold value R1 (step S203), 
[0065] In the step S203, when it is Judged that there is 
a pair of groups that the difference in the absolute value 
of the aimed SIR is not more than the predetermined 
threshold value R1, the channels belonging to the two 
groups are combined into one group (step S204). In the 
step S204, the group number having paired with the 
base group 1 is eliminated to decrease the number 
Nmax of total groups by one (step S205). Further, each 
group number other than the combined pair of groups is 
decreased by one (step S208). 
[0066] Next, the group number i as a base is com- 
pared with the number Nmax of total groups (step 
S207). In the step S207. a group division process is car- 
ried out when the base group number i is equal to the 
number Nmax of total groups. When the base group 
number i is not equal to the number Nmax of total 
groups, the base group number i is increased by one 
(step S208) and then the above steps S203 to S207 are 
repeated. 

[0067] The above group combination process is a 
process that two groups arbitrarily selected from a spec- 
ified groups are combined when the absolute value of 
the difference between the SIRs to aim of the two 
groups is less than a predetermined first threshold 
value. 

[0068] Referring to Fig. 6, in the group division proc- 
ess, at first, a group (the group number m = 1 ) as a base 
is set (step S209). the mean value Fm of the communi- 
cation qualities (FER) con-esponding to the respective 
channels belonging to the group 1 is calculated (step 
S210). 

[0069] Next, the communication quality of each chan- 
nel belonging to the group 1 is compared with a value 
that a predetermined threshold value R2 is added to the 
mean value Fm (F1 in this case) calculated in the step 
S210 (step S211). In the step S211. when the commu- 
nication quality is more than the value that the threshold 
value R2 is added to the mean value F1, the channels 
corresponding to the communication quality are elimi- 
nated ft-om the group 1 and classified into a newly set 
group (step S212). In the step S212. the newly set 



group is given the group number Nmax -i- 1 . At the same 
time, the number Nmax of total groups is increased by 
one (step S213). 

[0070] In the step S211. when the communication 
5 quality is equal to or less than the value that the prede- 
termined threshold value R2 is added to the mean value 
F1 , a step S214 and steps following it are canied out 
[0071] Next, the communication quality of each chan- 
nel belonging to the same group 1 is compared with a 
10 value that the predetermined threshold value R2 is sub- 
tracted from the mean value F1 (step S214). In the step 

5214. when the communication quality is less tiian the 
value that tiie threshold value R2 is subtracted from the 
mean value F1 , the channels corresponding to the com- 

15 munication quality are eliminated from the group 1 and 
classified into a newly set group (step S215). In the step 

5215. the newly set group is given ttie group number 
Nmax + 1. At the same time, the number Nmax of total 
groups is increased by one (step S216). 

20 [0072] In the step S214. when the communication 
quality is equal to or more than the value that the prede- 
termined ttireshold value R2 is added to the mean value 
F1. tiie process of a step S217 is carried out. 
[0073] Next, the group number m as a base is com- 

25 pared witii the number Nmax of total groups (step 
S217). In tiie step 3217, when tiie base group number 
m is equal to the number Nmax of total groups, the 
group division process is completed. 
[0074] When the base group number m is not equal to 

30 ttie number Nmax of total groups, the base group 
number m is increased by one (step S21 8) and then Uie 
above steps S210 to S217 are repeated. 
[0075] In the above group division process, a mean 
value is calculated on the basis of the communication 

35 qualities (communication quality data) in a specified 
group. Next, it is a process that the channels giving tiie 
communication quality are divided from among a plural- 
ity of channels into a newly set group when the absolute 
value of the difference between the communication 

40 quality corresponding to the specified group and the 
mean value is more than a predetermined second 
threshold value. By carrying out this group division proc- 
ess to all groups, each group is constituted by channels 
that the difference in communication quality after diver- 

45 sity synthesis is littie. 

[0076] By tiie above-described processes by tiie 
group combination means 109 and group division 
means 110, tiie group setting part 108 outputs group 
specification data for specifying a group to which each 

50 of the channels 1 1 5 belongs and tiie number of groups. 
The group setting part 108 further outputs bit pattern 
addition commands to the modem cards (mcl to mc6) 
corresponding to the respective channels. The bit pat- 
tern addition command gives a channel number (this 

55 channel is called first connection) to add a TPC bit pat- 
tern and pilot bits to data bits to bBnsmit in each of the 
specified groups. 

[0077] The aimed SIR determination part 1 1 1 deter- 
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mines a new aimed SIR corresponding to each of the 
specified groups in response to the communication 
quality data from the qualrty measurement part 107 and 
the group specification data from the group setting part 
108. The aimed SIR determination part 111 obtains a 
mean communication quality in each of the specified 
groups on the basis of the communication qualily data 
and group specification data. Next it determines a new 
aimed SIR corresponding to each of the specified 
groups In order that the mean communication quality 
becomes a desired communication quality. Or. in the 
channels betonging to each of the specified groups, a 
new aimed SIR is determined in order that the commu- 
nication quality of the channel whose communication 
quality is the worst becomes a desired communication 
quality. The aimed SIR output con-esponding to each 
of the channels 115. 

[0078] The reason why the aimed SIR is renewed at 
regular intervals is concerned by a variation of the trans- 
mission characteristic between the mobile station and 
base station. There arises a case that the desired com- 
munication quality is not satisfied though the measured 
SIR reaches the aimed SIR. Contrastingly, there arises 
a case that the desired communication quality is satis- 
fied though the measured SIR does not reach the aimed 
SIR. The base station, therefore, needs to control the 
aimed SIR at regular intervals in consideration of the 
variation of the transmission characteristic between the 
mobile station and base station. 
[0079] In response to the aimed SIR corresponding to 
each of the specified groups, the group setting part 108 
prepares a form of group setting table (a state that 
numerical values on communication quality (FER) are 
eliminated from Fig. 8) to be ready for next group-set- 
ting. 

[0080] In the modem card part 1 05 of the base station 
102, each of the modem cards (mcl to mc6) corre- 
sponding to the respective channels 115 determines a 
TPC bit pattern from the aimed SIR 139 and aimed SIR 
in response to the bit pattern addition command in the 
pattern determination part 143. 
[0081] The pattern determination part 143 judges 
whether or not the channel number to add the TPC bits 
contained in the bit pattern addition command is the 
channel number to which the modem card accommo- 
dating the pattern determination part 143 itself corre- 
sponds. When the pattern determination part 143 has 
judged that the channel number to add the TPC bits is 
the channel number to which the modem card accom- 
modating the pattern determination part 143 Itself con-e- 
sponds, it determines TPC bits from the measured SIR 
139 and aimed SIR, and outputs the TPC bits and the 
channel number to add the TPC bits. When the pattern 
determination part 143 has judged that the channel 
number to add the TPC bits is not the channel number 
to which the modem card accommodating the pattern 
determination part 143 itself corresponds, it outputs 
only the channel number to add the TPC bits. As the 



TPC bits, for example, a bit pattern is set for requesting 
to increase the reverse transmission power when the 
measured SIR is less than the aimed SIR. and a bit pat- 
tern is set for requesting to decrease the reverse trans- 
5 mission power when the measured SIR is more than the 
aimed SIR. 

[0082] Next, in response to the TPC bits and channel 
number to add the TPC bits from the pattern determina- 
tion part 143, the frame generation part 145 adds the 

10 TPC bits, pilot bits for a frame synchronism establish- 
ment process and the channel number to data bits to 
transmit, and outputs it as a transmission signal. Or. in 
response to the TPC bits from the pattern generation 
part 143, the ft^me generation part 145 adds the TPC 

IS bits to the data bits to transmit, and outputs it as a trans- 
mission signal. Fig. 7 shows the frame generation in 
each channel. 

[0083] The modulation part 141 gives the transmis- 
sion signal a code spread modulation with the spread 

20 code individually set to tiie channel corresponding to 
the modem card, and outputs it. 
[0084] The mobile station 101 receives the transmis- 
sion signal from the base station by spread demodula- 
tion with the spread codes individually set to the 

25 respective channels, and recognizes the TPC bits of the 
channels belonging to each group specified to the chan- 
nels. 

[0085] Next, the first embodiment of the present inven- 
tion will be described in detail with reference to an 

30 example. Referring to Fig. 1. It is supposed that the 
mobile station 101 pertbrms multi-code transmissions 
through six channels (channel 1, channel 2, channel 3, 
channel 4. channel 5 and channel 6 not shown in Fig. 1) 
between it and the base station 102. At present, it is 

35 supposed that the six channels are classified into three 
groups. The constitution of groups is group 1 = {channel 
1 . channel 4 and channel 6}, group 2 = {channel 3}, and 
group 3 = {channel 2 and channel 5}. 
[0086] The respective modem cards mcl to mc6 cor^ 

40 responding to the six channels demodulate amplific^* 
tion signals from tiie amplification part 104 to output 
demodulated amplification signals. Next, the respective 
diversity hand-over trunks dhtl to dht6 corresponding to 
ttie six channels carry out diversity synthesis processes 

45 con-esponding to the six channels to output diversity 
syntiiesis data. 

[0087] The quality measurement part measures com- 
munication qualities in response to the respective diver- 
sity synthesis data con-esponding to the sbc channels, to 

50 output communication quality data. Also in this exam- 
ple. FER is applied as tiie communication quality. 
[0088] Fig. 8 shows a setting preparation table for giv- 
ing the communication qualities (FER) corresponding to 
the six channels, respectively, and aimed SIRs at 

55 present. The group setting part 1 08 carries out a classi- 
fication to the six channels witii the aimed SIRs at 
present and the communication qualities (communica- 
tion quality data). 
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[0089] Referring to Figs. 5. 6 and 8. at first, a group 
combination process is carried out The aimed SIRs in 
the groups 1 to 3 are compared (step S203). In the step 
S203. because the difference between the aimed SiRs 
of the groups 1 and 2 is 0.2 dB that is less than the 
threshold value R1 (= 0.5 dB as a supposition), the 
groups 1 and 2 are combined (step S204). 
[0090] By the group combination process, the consti- 
tution of groups is renewed to group 1 = {channel 1. 
channel 3, channel 4 and channel 6} and group 2 = 
{channel 2 and channel 5}. 

[0091] Next, for carrying out a group division process, 
a mean value Fm is obtained from the communication 
qualities of the channels belonging to the group 1 or 2 
(step S210), Observing first the group 1 . the mean value 
F1 of the channel 1. channel 3, channel 4 and channel 
6 is F1 = -23.84 dB. Because the communication quality 
of the channel 1 is more than the value that the thresh- 
old value R2 (= 5 dB as a supposition) is subtracted 
from the mean value F1 (step S214). the channel 1 is 
eliminated from the group 1 and classified into a newly 
set group 3 (step S215). By the group division process 
based on the group 1. the constitution of groups Is 
renewed to group 1 = {channel 3, channel 4 and chan- 
nel 6}. group 2 = {channel 2 and channel 5} and group 3 
= {channel 1}. Observing next the group 2, the mean 
value F2 of the channel 2 and channel 5 is F2 = -21.1 1 
dB and there is no channel having FER more than the 
value that the second threshold value R2 is subtracted 
from the mean value F2. so no division process of the 
group 2 is carried out. 

[0092] After classification to the six channels are car- 
ried out by the above method, the group setting part 108 
notifies the aimed SIR determination part 1 1 1 of group 
specification data as information on the new group con- 
stitution. 

[0093] The aimed SIR determination part 111 regu- 
lates the aimed SIR of each specified group with the 
group specification data from the group setting part 108 
and the communication quality data from the quality 
measurement part 107. In the regulation process of the 
aimed SIR, the mean value of the communication qual- 
ities of the channel 3, channel 4 and channel 6 belong- 
ing to the group 1 is 5.27 x 10"^. In case that FER 
desired for all channels is 1 x 10"^. because the mean 
value of the communication qualities is more than the 
desired value, the aimed SIR is increased to 7.0 dB. 
[0094] Besides, because the mean value of the com- 
munication qualities of the channel 2 and channel 5 
belonging to the group 2 Is 7.75 x 10"^ more than the 
desired value 1 x 10"^. the aimed SIR Is increased by 
7.5 dB. By increasing the aimed SIR and Increasing the 
transmission power of reverse link to more than tiie pre- 
vious one, a desired communication quality can be sat- 
isfied. 

[0095] Besides, because the communication quality of 
the channel 1 belonging to the group 3 is 7.0 x 10"* less 
than ttie desired value 1 x 10"^ the aimed SIR is 



decreased to 6.0 dB. By decreasing the aimed SIR. an 
excessive supply of transmission power in reverse link 
can be prevented. 

[0096] The aimed SIR determination part 1 1 1 notifies 

5 the respective modem cards mcl to mc6 corresponding 
to the six channels of the aimed SIRs. The group setting 
part 108 notifies the modem cards mcl to mc6 of the 
channel numbers to add TPC bits. 
[0097] As a result of this example, the first connection 

10 becomes the channel 3 in the group 1 . the channel 2 in 
tiie group 2. and the channel 1 in the group 1 . tn the first 
connection, pilot bits. TPC bits and the channel number 
to add the TPC bits are added to data to transmit. The 
transmission signal from the base station is transmitted 

IS in such a format as shown in Fig. 9. 

[0098] Next, a tFansmissk)n power control system and 
a transmission power control method in CDMA system 
according to the second emlXKliment of the present 
invention will be described. The consUiiction of ttie 

20 transmission power control system in CDMA system 
according to this embodiment is the same as that of the 
abov&<iescribed first embodiment 
[0099] Figs. 10 and 1 1 show operations of tiie trans- 
mission power control system In CDMA system accord- 

25 ing to the second embodiment, in comparison with the 
operations described In the first embodiment, the oper- 
ations In this embodiment differ only In the process con- 
tent by the group division process means 1 10 in Fig. 1. 
The group combination process shown in Fig, 10 is the 

30 same as the process shown in Fig. 5. 

[01 00] Referring to Fig. 1 1 . in the group division proc- 
ess in tills embodiment, at first, a group (the group 
number m = 1) as a base is set (step S301). and the 
maximum value Fmax and minimum value Fmin of tiie 

35 communication qualities corresponding to the channels 
belonging to the group 1 are examined (step S302). In 
ttiis embodiment. FER Is applied to the communication 
quality like the first embodiment. 
[0101] Next, it is judged wheUier or not the difference 

40 between the maximum value Fmax and minimum value 
Fmin of the communication qualities (FER) is not less s 
than a predetermined threshoM value R3 (step S303). 
In ttie step S303. when the difference between tiie max- 
imum value Fmax and minimum value Fmin of the com- 

45 munication qualities is not less than ttie threshold value 
R3. the channels giving the communication qualities 
more than the mean value of the maximum value Fmax 
and minimum value Fmin are eliminated from the group 
1 and classified into a newly set group (step S304). In 
50 the step S304, the newly set group is given the group 
number Nmax + 1 . At ttie same time, the number Nmax 
of total groups is increased by one (step 3305). 
[0102] In the step S303, when the difference between 
the maximum value Fmax and minimum value Fmin of 
55 the communication qualities is equal to or less than tiie 
threshold value R3. a process on and after a step S306 
are carried out. 

[0103] Next, the base group number m is compared 
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with the mmter Nmax of total groups (step S306). In 
the step S306. when the base group number m Is equal 
to the number Nmax of total groups, the group division 
process is completed. 

(0104] When the base group number mis not equal to 
the number Nmax of total groups, the base group 
number m is increased by one (step S307) and then the 
above steps S302 to S306 are repeated. 
[0105] In the above group division process, a mean 
value is calculated from the maximum value Fmax and 
minimum value Fmin of the communication qualities 
(communication quality data) in a specified group. Next, 
it is a process that the channels giving communication 
qualities more than the mean value are divided from 
among a plurality of channels into a newly set group 
when the difference between the maximum value Fmax 
and minimum value Fmin is more than a predetermined 
third threshold value. By canying out the group division 
process to all groups, each group can be constituted by 
channels that the difference in communication quality 
after diversity synthesis is little. 
[0106] Next, the second embodiment of the present 
invention will be described in detail with reference to an 
example. Referring to Fig. 1, it is supposed that the 
mobile station 101 performs multi-code transmissions 
through six channels (channel 1. channel 2. channel 3, 
channel 4, channel 5 and channel 6) between it and the 
base station 102. At present, it is supposed that the six 
channels are classified into three groups. The constitu- 
tion of groups is group 1 = {channel 1, channel 4 and 
channel 6}, group 2 = {channel 3}, and group 3 = {chan- 
nel 2 and channel 5}. The respective modem cards mcl 
to mc6 corresponding to the six channels demodulate 
amplification signals from the amplification part 106 to 
output demodulated amplification signals. Next, the 
respective diversity hand-over trunks dhtl to dht6 con-e- 
sponding to the six channels carry out diversity synthe- 
sis processes corresponding to the six channels to 
output diversity synthesis data. The quality measure- 
ment part measures communication qualities in 
response to the respective diversity synthesis data cor- 
responding to the six channels, to output communica- 
tion quality data. Also in this example, FER is applied as 
the communication quality. 

[01 07] Fig. 8 shows a setting preparation table for giv- 
ing the communication qualities (FER) corresponding to 
the six channels, respectively, and aimed SIRs at 
present. The group setting part 108 canies out a classi- 
fication to the six channels with the aimed SIRs at 
present and the communication qualities (communica- 
tion quality data). 

[0108] Referring to the setting preparation table 
shown in Fig. 8 and Figs. 10 and 1 1 , at first, for carrying 
out a group combination process, the aimed SIRs In the 
groups 1 to 3 are compared (step S203). In the step 
S203, because the difference between the aimed SIRs 
of the groups 1 and 2 is 0.2 dB that is less than the 
threshold value R1 (= 0.5 dB as a supposition), the 



groups 1 and 2 are combined (step S204). By the group 
combination process, the constitution of groups is 
renewed to group 1 = {channel 1. channel 3, channel 4 
and channel 6} and group 2 - {channel 2 and channel 
5 5}. 

[01 09] Next, a group division process is canied out At 
first, the maxknum value Fmax and minimum value 
Fmin are examined from the communication qualities of 
the channels belonging to each of the groups 1 and 2 

10 (step S302). 

[0110] Observing first the group 1. the maximum value 
Fmax is -22.0 dB and the minimum value Fmin Is -31 .55 
dB. Because the difference between the maximum 
value Fmax and minimum value Fmin is 9.5 dB more 

IS than the threshold value R3 (= 5 dB), "channel 1 " giving 
a communication quality less than the mean value - 
24.56 dB is eliminated from the group 1 and a new 
group 3 is set By the group division process based on 
the group 1. the constitution of groups is renewed to 

20 group 1 - {channel 3, channel 4 and channel 6} group 2 
= {channel 2 and channel 5} and group 3 = {channel 1}. 
[0111] Observing next the group 2, the maximum 
value Fmax is -20.97 dB and the minimum value Fmin is 
-21.25 dB. Because the difference between the maxi- 

25 mum value Fmax and minimum value Fmin is 0.28 dB 
less than the threshold value R3 (= 5 dB). no division 
process of the group is canied out 
[0112] By the above, the group division process is 
completed. The result of the process in this example of 

30 the second embodiment becomes the same group set- 
ting as that in the example of the first embodiment 
[0113] As described above in detail with reference to 
two prefened embodiments, a transmission power con- 
trol system and a transmission power control method in 

35 code division multiple access system according to the 
present invention make it possible to control the aimed 
SIR in order that all channels are of a predetermined 
communication qual'ity even when there is a difference 
in communication quality in each channel in a multk- 

40 code transmission between a mobile statton and a base 
statton. 

Claims 

45 1. A transmission power control system in code divi- 
sion multiple access system comprising: 

at least one base station for measuring the sig- 
nal to interference ratio (SIR) of a received sig- 

50 nal con-esponding to each of a plurality of 

channels established between said base sta- 
tion and a mobile station, and determining a bit 
pattern for transmission power control for each 
of groups specified to said plurality of channels 

55 on the basis of an aimed SIR and said meas- 

ured SIR; and 

a base station control apparatus for determin- 
ing said aimed SIR on the basis of data giving 
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groups specified to said plurality of channels 
and the communication quality corresponding 
to each of said channels, and instructing to said 
base station. 

5 

2. The transmission power control system in code 
division multiple access system according to dalm 
1 , wherein said specified groups are determined on 
the basis of the communicatk)n quality correspond- 
ing to each of said channels. io 

3. The transmission power control system in code 
division multiple access system according to claim 
1. wherein said bit pattern is detenmined in 
response to a bit pattern addition command, which is 
is instructed by said base station control apparatus, 
giving a channel number to add said bit pattern in a 
plurality of channels established between said base 
station and a mobile station. 

20 

4. A transmission power control system in code divi- 
sion multiple access system comprising: 

at least one base station for measuring the sig- 
nal to interference ratio (SIR) of a received sig- 2S 
nal corresponding to each of a plurality of 
channels established between said base sta- 
tion and a mobile station, and determining a bit 
pattern for transmission power control for each 
of groups specified to said plurality of channels 30 
on the basis of an aimed SIR and said meas- 
ured SIR in response to a bit pattern addition 
command; and 

a base station control apparatus for performing 
a diversity synthesis process corresponding to 35 
each of said channels for measuring the com- 
munication quality of each of said channels, 
and for outputting said bit pattern addition com- 
mand giving a channel number to add said bit 
pattern, and said aimed SIR determined on the 40 
basis of group specification data, having been 
detemiined by the communication quality cor- 
responding to each of said channels, giving 
said specified groups. 

45 

5. The transmission power control system in code 
division multiple access system according to claim 
4. said base station further comprising: 

a modem card part for calculating said meas- so 
ured SIR corresponding to each of said chan- 
nels, and determining said bit pattern on the 
basis of said measured SIR and said aimed 
SIR in response to said bit pattern addition 
command. ss 

6. The transmission power control system in code 
division multiple access system according to claim 



5, said modem card part further comprising: 

a pattern determination part for determining 
said bit pattern on tiie basis of said measured 
SIR and said aimed SIR in response to said bit 
pattern addition command; and 
a frame generation part for adding said deter- 
mined bit pattern, pilot bits for frame synchro- 
nism establishment process, and said channel 
number given by said bit pattern addition com- 
mand to data bits. 

7. The ti^nsmlssion power control system in code 
division multiple access system according to claim 
4. said base station control apparatus further com- 
prising: 

a diversity hand-over tiiink part conresponding 
to each of said channels for carrying out the 
diversity synthesis process con-esponding to 
each of said channels, and outputting diversity 
synthesis data; 

a quality measurement part for measuring and 
outputting communication quality data giving 
the communication quality corresponding to 
each of said channels in response to said 
diversity synthesis data; 
a group setting part for determining and output- 
ting said group specification data and said bit 
pattern addition command in response to said 
aimed SIR and said communication quality 
data; and 

an aimed SIR determination part for determin- 
ing said aimed SIR in response to said commu- 
nication quality data and said group 
specification data. 

8. The transmission power conto'ol system in code 
division multiple access system according to claim 
7, said group setting part further comprising: 

group combination means for combining two 
groups arbiti^rily selected from among said 
specified groups when the absolute value of 
tiie diffierence between said aimed SIRs of said 
two groups is less than a predetermined first 
threshold value; and 

group division means for calculating a mean 
value from values of said communication qual- 
ity data in said specified groups, and dividing 
tiie channels giving said communication quality 
data from said channels Into a newly set group 
when the absolute value of the difference 
between the values of said communication 
quality data in said specified groups and said 
mean value is more than a predetermined sec- 
ond threshold value. 
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9. The transmission power control system in code 
division multiple access system according to daim 
7, said group setting part further comprising: 

group combination means for combining two 
groups arbitrarily selected from among said 
specified groups when the absolute value of 
the difference between said aimed SIRs of said 
two groups is less than a predetermined first 
threshold value; and 

group division means for calculating a mean 
value from the maximum value and minimum 
value of said communication quality data in 
said specified groups, and dividing the chan- 
nels giving said communication quality data 
higher than said mean value from said chan- 
nels into a newly set group when the difference 
between said maximum value and said minh 
mum value is more than a predetermined third 
threshold value. 

10. A transmission power control method in code divi- 
sion multiple access system comprising: 

(A) measuring a signal to interference ratb 
(SIR) of a received signal, at a base station, 
conresponding to each of a plurality of channels 
established between at least one base station 
and a mobile station; 

(B) generating, at a base station control appa- 
ratus, a bit pattern addition command giving a 
channel number to add a bit pattern for trans- 
mission power control to each of the specified 
groups to said channels, and an aimed SIR 
being set every group based on group specifi- 
cation data showing said specified groups; and 

(C) determining, at the base station, said bit 
^ pattern on the basis of said aimed SIR and said 

measured SIR in response to said bit pattern 
addition command. 

11. The transmission power control method in code 
division multiple access system according to claim 
10. said step (B) comprising: 

carrying out a diversity synthesis process, and 
outputting diversity synthesis data; 
generating communication quality data giving 
the communication qualities corresponding to 
said channels in response to said diversity syn- 
thesis data; 

outputting said group specification data and 
said bit pattern addition command in response 
to said aimed SIR and said communication 
quality data; and 

determining said aimed SIR corresponding to 
said specified groups in response to said com- 
munication quality data and said group specifi- 



cation data. 

12. The transmission power control method In code 
division multiple access system according to claim 

5 11. said step of outputting the group specification 
data and the bit pattern addition command compris- 
ing: 

combining two groups arbitrarily selected from 
10 among said specified groups when the abso- 

lute value of the difference between said aimed 
SIRs of said two groups is less than a predeter- 
mined first threshold value; and 
calculating a mean value from values of said 
IS communication quality data in said specified 

groups, and dividing the channels giving said 
communication quality data firom said channels 
into a newly set group when the absolute value 
of the diffierence between the values of said 
20 communication quality data in said specified 

groups and said mean value ts more than a 
predetermined second threshold value. 

13. The transmission power control method in code 
25 dhnsion multiple access system according to claim 

11. said step of outputting the group specification 
data and the bit pattem addition command compris- 
ing: 

30 combining two groups arbitrarily selected from 

among said specified groups when the abso- 
lute value of the difference between said aimed 
SIRs of said two groups is less than a predeter- 
mined first threshold value; and 

35 calculating a mean value from the maximum 

value and minimum value of said communica- 
tion quality data in said specified groups, and 
dividing the channels giving said communica- 
tion quality data higher than said mean value 

40 from said channels into a newly set group whpn 

the difference between said maximum vaHie 
and said minimum value is more than a prede- 
termined third threshold value. 

45 14. The transmission power control method in code 
division multiple access system according to claim 
10, said step (C) comprising: 

determining said bit pattern on the basis of said 
50 measured SIR and said aimed SIR in response 

to said bit pattem addition command; and 
adding said determined bit pattern, pilot bits for 
ftame synchronism establishment process, and 
said channel number in response to said deter- 
55 mined bit pattem and said channel number. 
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Fig. 5 
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Fig. 6 
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Fig. 7 
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Fig. 9 
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Fig, 10 
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Fig. 11 
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Fig. 13 



MODEM CARD MC1 OUTPUT 
MODEM CARD MC2 OUTPUT 
MODEM CARD MC3 OUTPUT 
MODEM CARD MC4 OUTPUT 
MODEM CARD MC5 OUTPUT 
MODEM CARD MC6 OUTPUT 



1 FRAME LENGTH 



/ 

Pilot +TPC 

BITS DATA BITS 



1 V/A 




FIRST CONNECTION 








SECOND CONNECTION 








THIRD CONNECTION 








FOURTH CONNECTION 








FIFTH CONNECTION 








SIXTH CONNECTION 





Fig. 14 

1 FRAME LENGTH 



TRM|MISSION PJp^^TPC ^^^^^^ 





FIRST CONNECTION 




SECOND CONNECTION 




THIRD CONNECTION 




FOURTH CONNECTION 




FIFTH CONNECTION 






SIXTH CONNECTION 



25 



r 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 
^/dfsKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LmES OR MARKS ON ORIGINAL DOCUMENT 
j^^FERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



